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Relation of Remper ‘we and Moisture. $0 Brood Development at the” 





isolated and at a ronge of low temperatures to determine the — 


Lowest point at which they could hatehs 


the western pine beetle developed very poor broods under the 
entire renge of temperature and moisture conditions obtained on Dlocks in 





vercentagze of ingests vere able to couplete nomel development ws about 






matures of 96 degrees and mvove usually proved fatal to ali 


"* he ghkeen moisture of the infested blocks either remsined 
“pearly Pag tnereased throughout brood developnert tn all SABER 
except at temperatures of 160 degrees or higher. it 0 ! 

high at #1] times averaging from 200 to g00 per cent in all but the 


blocks at higher tenveratures. 
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_ stage in the 1 tory. ‘4a tovexnined by the development from pupes. 
, fo ehits Ieuan teat kc glightly ever four thousand houredegrees, 


hoe Brood mortality in blocks under controlled temperature conditions 
Wat heaviest in tho young larval stages. A green fungue® was almost in- 
variably associates with the decaying bodies of the dead larvae. What 
appesred to be dwarfed or stunted larvae tusneled about in the inner 

3 aver periods of six and seven weeks and formed ab- 
* long | larval galleries. gge hatched at approximately 
he eens temperatures at wate larval ent poral devetormet began. 





introduc tion 


tales on brood develoyment of the western pine beetle 
(Sendros evicond +) have been conducted during the past 
te ow s wit a vange of teupetavare and. moisture @esditions 1is1t- 
ed to those whieh jiand be obtained im the field. Ouring the past winter 
these studies were continued in the laboratory at berkeley, California, 
vhere mora accurate contro of the conditions affecting inseet devel- 


opment was possible. 


Largely through the suggestions and aesistance of Wr. Js Me 
 : ther moubers of the erkeley Station e creditable showing 
: the study during the time spent on it. Mr. KR. N. Jeffrey 
 @ontinued the studies on a seeond series of infested blocks during April 
and pert of. May after the writer had returned to the rortland office. 


Température and ite effect upen the development of plant and 
 emfioal life has probably been more thoroughly studied than any other 
“1 tlhe pee Miller* hes contributed an outstanding peper on fatal 
high and are cccat ance tik tetees little informe- 
tion haa boon publiched relative to the temperatures necessary for brood 
~gpnatinigaan’ + of this iasect, However the importance of temperature as 
applied to field conditions has been fully appreciated as evidenced by 
‘the follewing general note taven from the brood records at Ashlend, 
Oregon. “Overwintered broods in the south side of a tree may emerge 
“fron 87-4) days earlicr thea on the north side of the sane tree and 

$3 day# earlier. Broode in trees of the first esasonal cener- 
ation which emerge during the sumer months and do not overvinter, appear 
‘to develop at about the save rate on all sides of the tree”. In this 
phase of the #tudy-we wore able to deteraine a few points here~to-fore 
ee eee: oe eet te ee 
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“tities false, igh ond low lethal teiporatures for broods of the 
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ee - or in the ease of moot inseots atmospheric muntatty, Sei: 
has in the g ae 
ef the Little 







| # poBsible effect of atmospheric humidity on broods of the 
western pine beetle the tora noistare wihl Ge aned in this report as 
referring wo moisyurs of the phloem. Sinee this media ant food supply 

is nomen tp lame or less aagurated cadition awl completely sarreunds 
the insects the atintura cantent of this layer of inner bark should reflect 
the moleture comiitions to which the insects sare subjected. Unfortunately 
eontvel of ic Moisture even in blacks of wood In the laboratory has 
nos been possible, and we have therefore been forced to record the noLeture 
au we have found is. | re ” 






fae objeet.of the study was to determine the effect of temper- 
atin aad moistire iu liciting the develonment of weatern pine beetle 
Breeds ent the optires conditions for brood developmest, Sueh knowledge 
is dmportent in Balping us $0 soccgulse the general climatic conditions 
whieh favor or retard western gine beelle epidealer from one year to 
another cad the gamlitions in ment which are favorable or unfavorable 
for vroad development, 


_», Pade report supplements the etadiee on brood development 
previously reported by she writer in station reports of 1930 and 1931, 
aaa it le hoped that the iafurmeation prevented terein may add something 
further to car ate af the sctivities ef the western pine bectle. 








fe Cquigment used in the laboratory study wes eoventinlly the” 
Bane aii ley geet! exeept for the addition of constant — 
lc sontPolled comparinuents. 





anal the AES of the Vaiversity of California aad the 
efforts af Sr. Miller, sonetent temperatare cabinets were either borrowed 
or built for the purpove of housing infested pine bleeke during tne brood 
ddveloyment stwiy. .« this way a series of temperatures ranging from 35. 
to 106 degrocu Fahranhelt were obtained. he low teuperature frigidaire 
mashine was alge wed in part of the wrk. Space in chambers kent at 
vowians tecpersturen of 56, 40, 44, and 62 degrees 7. were leaned to us 
by the University. wo obher enbvinets with algh teaveratures of G6 and 
104 degreos were aleo loaned for the firet teste Wat were not wed during 
the pecond, Syaee with canporaturen arcend 60, 65 end 70 degrees was 
ovtained by saulgulation of sierage and of fice epage in Giannini Hall. 
Venpgeraturs conmetents of 76, 85. 95 and 100 degrees were made possible 
thrwugh the construction, by Mr. Wagner, of a four chanbered cabinet 
wired for electric heabing bulbs and ventilated by the ue of two mmall 
sliding doore Im the vain door of each chatber, Tuis cabinet was kept 
in the — teuperature roum se that bevter regulation 
of 4% would be dneured. A omall electric fan was uaed in the large 
¢haeber to ineresee veotiletion and to insure the sane amount ot al] 
times, After the compartwmte of the ceblact were ones regulated, they 
operated within a range of plus or minus @ degrees and usually less. 
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pecei ved muah less attention than tewperature. Becmse we 
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fe partments used and to follow temersnture lag in the 
§ how teansferred from one temperature to another. All ve sob na 
* we: nade on the Puhrenheit basin, Rial 3 ‘, wore 
> emteatod tron 29 to 220 Megrees. Sheil anak al 


igiarhe were Sev wp tnt att Wel the amelles thermoregulated 
| eanpartnents thet complete temperature recorte were obtained . "Three 








‘) 
: Of these machines were borrowed from the California Porest Experiment 
fix - tetion., in er —- equipped with maohinen the records were copied. 


PhLOGE Mei sture wae determined on the dry weight ‘basis. Phloem 
* semples were eollectad weekly in tight jefe, wetcied as soon as “poasible 
_ eed dried ime drying oven for three hours. Segsuse of the ngeeshity 
 ef-takiog weakl selec wiform velarte 4«¢ onme were Week In all caces 
and both weighings care made on finely adjuetot laboratory balances. 
Mere Be Re gc a meverten ty in ronaing the nolsture adeterain- 
camsoanesdleaie’: = np | 

cl ae a 


Sa Se ecncea'a, einer waat sale ‘ike 
» Meboratery for the purpose of caging infested bark and vine Blocks, the 
wage (about 4924) 24 foet) (fig.2) wae built by vagner and constructed 


“a Se 80 thet ane side could be easily removed and blecks placed within or 





renoved. It wimpleved on rooting paper uid tha vottom ond edges Lined 
a with cotton batting to prevent the beetles frow escaping. The reason 
"ae for bringing thie enero into the Wallding was: ‘to take adlvonta ge at ‘the. 
it an eee pager somacrsaiae veetle development, 2 ERE 
ae Gee SE 


ae the es large leuantity'et tardntet: ak?) etn sitg! tik 

tee donen shertdog sections (2 ft.) (fie. 1) were Fayed, ailies aly fierd 
at Klemeth Yelle and shipped to Sevkeleg 1 ‘for the ny Chetnatng of the work. 
Shea thic supply-had been extensted more (lege © ft.) material was. eollec- 
_$e4 during © short trip to the Stonivlave Betionsal forest. Other thipuents 
ef infested vark were reeeivel from Park Hancer Been, of the Tequola 
Bational Perkand fron i. Ogle of Seyerhaeuser oe tiaber Gompany. The infer 
ted Bark was used as need Gene was kept at low temperatures for fature 


Sa ase and gone plaged at hich ‘ pemperntures for early taergence. Gatra. 
Wea Oy [pears hgetl> op irene rte ac Tha adi iam 
a4 ak de a By ie Be viii el 4 . 
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4 “+e one of thi a 


with brood of the western bine beetle wae 
he field and caget in the laboratory for beetle evergente. 
w pine lors averaging two to three feet in length and tena 
inehe in diameter were ghipped im from the field and caged _ 
ring ‘Veotles. Aw soon as exaningtions showed that attack 





een t temperature osmpartaents snd weekly moizture and 

recerdy were made on one of the blocks, the other being kept for the 
final ovwinetion. ile es. is ioe «aes iene waded Came 
aveileble ohagihars. 


-S Over five thousand aoe Lenvae vere y orhadaad, ty shaving up ie 
Anfertec bark and were used to deteraine the influsnee of temperature. 
@n Pate of development of leter brood wtages, A daily sehedule for 


_trsester of these larvae was worked out so that different areape pd 


pn? OR ow. oS 









‘Gifferent duration of exposure te ootiowm temperatures eagh dey. Subse~ 
‘quent brood development way observed and recéried daily. Other croupe 
of matare iarvae were pieced in the different constant teaperaturs oon 
— and, tae vate of develooment nated ~ i : 


os oS pes were du tron recently attacked Wlosia’ én@ igolatel on © ei 
motet blotting paper In petri dighes «nd these lote distributed in the 
Conpertsents of lower tenperstare range in orter to doteruine the ‘Lowen 
‘te perature se ee they ioe wat iow sy. ; | 









work, on brood dieSonetin ef the westerm pind 


‘Deetle was divided into two phasew. First the development of broed within © 
evelopment. 


the infested wheeks nnd seeond the a ‘of the sore advance’ brood — 
-pevainet trom-infested bark. Part one of the stady more nearly simulated 
ona as found in felled loge af4alach, 1% begen with the attack 
and continued the @ez, larvaly papal end adult stages or ae long 
‘pe-the brood rewained alive. Part two had the edvaniags of permitting 
accurate isolation of a known number of larvae and of better observation 
of development throuyh daily examination. ‘his part of the study contin~ 






med until the insecte either renched the adult stage or were lost tarough 


gapplemente the fires one but in many resosets 





ity. 


are we nore atte information than could be ensue spent aston | 


tion of broods within the blacks. 





_ eri TX which indicates woekly phioes moleture of the . 
» In thie ease the two sets of experiments ware averaged 


2 ‘Oe dia, not warraty Andtyiown Precespion, i 


_ Singh ‘tenperatace naod wilh ve “Lerdiees piparavely” and. not evoaned ' 


; J differences in paloes nclsture of two series of blocks 


ic 


s os peir of blécke they ware immediately traneferrea 
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_ Western Pine Beetle Breed Development in Inturbed igeke 
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_ tenperatores of 102 40. 106 degrees 7... 
nt of faye an blocks eubjected to this sen 





Sine atter being ta this r, but no eativity or development could ve 
. Foun after the rn gry . yp siaay ts reduetion. in dae eunnslses 

; {20 per cent) in those blocks dur ee the first weok could net, conesivably 
| pra Keg few sic. he: Ros! brood. mortality. 16 is therefore attributed to high 


Brood’ in infested blocks subjected to qonstant teaperstures of 
| hte 198 deawegn lasted butte woesa Langue than tae higher’ vnpartare 
| geo as mpi Siew cei WN-e aula ates aakive. 








dead lnevae. 6 Ts A ‘dearensed. bat slightly (10 as op The 
me that ath ‘the adult ber larval mortality ner at about the seme 
time Fa doh none a appeal amen bo vovenagpiee to ws ‘n- 
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Wid neous oF , teats they will be discussed separ 
the fire tes seek Shia Sonerstnrs sretieed oe callow sult in 

| 2 taj the Mertont. resorted for brood development of this inaeet. 

However». Brent, MAERALAAT AA Sheen, Dh.aphe. wee. hosdete. ends ment.s0fi She Bosod 

found appeared, on wader-aized, uder-nourished, ret-teiled Larvae: 
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rerind wat Little, reuaining high throughout the experiment. Here with 

an exemple af complese. developaent. lege te, adult) in 28 days at constant 

) | high tewerature and eont inued high phloem moieture gentont tne FREBON 
for Sed lage, ae nants 6 the. siaaiaeasiel been. eaneresies ee a 


| “ie ‘ssi ’ pe ‘pories. of plocks. at. 96. bo oF degrees rosa. Aovehapuent 

| appeared. ho create. vapidly during. the first. Nears ‘then.ae with higher 

% porte paige extrenely high Grains. the second. and third week 

Lies Sis, Parent $0, were. found, deed ot the. and of four weeks. 4 very 
saali’ jarvee wore still. burrowing in the inner dork after the fifth 

ia Raat Rahn ther brood could, be found. Here,,.t00, the green fungos ens 

aseoels ted with. “the dead larvae. It was found on them in both inner and 

outer berk. Phileas molwture remained high det almost constant de paye pw - 

peried cavered.vy the examinations. If based slene an the ves ‘e @ @ 

ebservutions the cause of brood foilerea in the blacks eannet be determined. 

However, this temperature was found to be too high for proper dovalopaent— 

‘ ef trood in. the,adyanced stages. ané. is, aonaan rep pin apecnerennt aaertens 


neon seater, in tate elihaiate’ 
iy At ‘constant. euperntren aeetn 84. %0. a. degrees ‘the: sc eaalts 
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| lps pe Fee argon ‘4 geeond test with the chamber operat 
83 97 degrees guys reeulto 0-sintlar to the one ust Ge- 


exist cocerred only as ened)’ larvae. Phloem moisture decreased very _ 
Little in the two serle# of Blocks during the exoeriment, It rensined 
e at alk ‘nea, ‘staying vetwoon 200 end 250 ‘Der gant. ops 


— Genetaae conperatuves of 8 te 7 ‘Seawaen regulted in a some~ 
leah slower rate of brood developnent than higher temperatures, and the 
larvae lived on en everags of shout » week longer. Heavy brood ogeurred 
ae larvee during the first three weeke. Slight mortality appeared the 
third week, and by the end of the fourth only an oecasional Living larva 
could be found. Phloem solsture remmined beteeon 200 and 254 per cont 
uring thie serisd. ere acain it te evident that this temperature whieh 
hae been shown to be very faverabvle for broods of the waptorn vine bastle 
vets" pave haere ae pars yes she vemnlting meatpbstry: 


Ta ows texts ab reom tenparatiures vhs Sash fimetnened >abunen 65 iad 

re @eerece and eversged about 70 degrees gave slightly warring rerults. 

In the first test some brood renched maturity. At the end of the fourth 
week one omell pupe was found ,and two weeke later ot the final exeminetion, 
one new edult, one email pupn, and a few small larvae were oresent. of 
Gutwtanding | Tigence is the minute gise of the pupae and edulte found 
in these Piecks.. They were much emaller then the auallest specimens ob~ 
teined frea the infested bark. Phloem moiature remained slightly above 
‘R80 var tent throwciout the experiaant.. the secend series of infested 
Wlorke van at the above temperatare 4id not produce either pupae or adults, 
tut one half srown Tervee appeared’ in five weeks. As befere, lerval mor- 
tality wae high during the fourth week. Phicen moisture wanton oa 
‘sligtly ‘Yeas owt in hed ta tig vLocks « | 


WR ATES 266 Need NR O-tenpereree ¢iustenking. betecen £6004 65 degrees 
Mig “deponaglite 40°RAgvens, alinect G21 ef the young-larene reoained alive 
for four or five weeks, Only Slight mortality oe@urred up to thie time, 
‘but development wae also much slower than in preceding canes. At this 
“ime larrac fron gne efchth to one fourth grown were abvanient. During 
the following three weeks bread mortality inerenecd so thet ab the final 
@xaminetion at the end ef seven weeks only a fow tiny larvae remained 

, (tig. 4). Paleoem moisture " these mpage pang rg from onngnree 2a +o. 


‘neorly bt hg 0 dap voted 


one months of cntested enabhen einhegtan 4 to ‘very , aaonakeke con- 
“erotiea temperatures fluctuating cecasionaliy and only for very short 
‘periods from 69 to 54 degrees, wut fer the most pert: vomining practically 
‘et 52 degrees. showed vory slow brood development. Segs hatched at this 
Renperntore at. the end of tree weeks snd soall Larvae reaained as such 
with) only slight development during the next four weeks. Thie is the 
Lowest tesperatare at whieh apparent brood development oecurred. onan 
gh ag i ange ebont. 299 — wget — on i 
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exposures at these teuperatures. ne Saco this material when he a 
to room temperatures hatched withia a few days. Here phloem uoisture de~ 
eredbed from 250 to 220 per cent. ‘the wnly other decreases ovtained were 
im bloeks at high temperatures. With the Last series the absence, of de- 
Wet oPHeTy 1e/SS OHRKy of low temperatures. : re 





“> Je order te supplement brett development studies in infested 
Blecke some fifteen hundred mature larvae were dug from infested bark 
brought im from the field during the winter months. Whese larvae were — 
mixed in order order to distribute any influence of previous development, and 
ai1 except prepupal larvee were discarded. A given nanber were then 
selected for brood developnent tests, imbediied in finely creund outer 
camer Pa Reser Be enna Ts ya gs ha waco Pra ge Mesh pa 
various constant teaperature eoupartm te and subsequent rete of devel- 
opment carefully followed. | ee ee ea 
$F tabiring neta aeadinte ath umn owed bo hak tie & single teat. — 
the results of these experiments are show in graph [11. Here tenper- 
eee Ret eee rere ay sce oO 
ally ¢@ 








hich Acslicleiid Teta U8 Wi 0k, Maia Mado ta elias 
noted eaetehity iteta sive Sart: Those from 96 to 102 gave similar re- 
gulite within ten days. These results agree with those obtained from the 
infested blocks at the sane tenperature. | 

A% constant tures 95 te 97 nme a few larvag transformed 

te pupae at the end sak af tue days although larval mortality was appaz 
within the jars. ude 1 py tk Mares ot sh Pome nie 
b Aomperature. ee a ii sb 
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i twelve days the jars conteined only young adults and 
of the brood whieh survived was rapid. 


Borns 
deve mie and pupae, Mortality was high, being 52.2 per ‘cent, but 


Constant temperatures 75 to 77 degrees resulted in diver devel- 


‘pment of the brood than at the preceding exrosure. Pupae appeared ag 


‘early as before (two days), but final adult appeared five days later than 
those at the higher temperature (17 days). At the lower tesmerature 
mortality wee elightly less, Being 44.1 per cent. 


Development continued te slow up at lower tesperatures. In a room 
varying from 65 to 75 and averaging 70 degrees, first pupae were observed 
at the end of to dave, but the pupal period was prolonged to 29 days when 
the last adult appeared. A mortality of 30 per cent in ‘this once was the 
lowest obtained in any of the toute with advanced broods. 


signe A marked decrear@ierate of brood development irinnee eth 
eonetant tenperature chamber running at 68 to 69 decrees with an Beverage 
ef 62 degrees, Virst pupae eppeured in six day# ax against two in “previous 
Gases, and first Adulte in 26 days, It required 42 days for finel adults 
to transforw, pune, and during this time mortality reached b4 per eent. 


 “K Jax of larme Placed at 50 te 64 degrees rensined there for 14 
days before one of then punated. At the end of 42 days when the experinent 
was discontinued, aperaxinately one third ef the living insects had pupated. 
orion, in thie Jar vas 46 per cent. 


gina Litt sehen hie #4 Chad tL 6y epee pte of 88 to 42 
‘degrets snd 34 to 33 degrees for 47 days were, to #11 outward appearances, 
about the same af when entered, Mo apparent development had seourred . A 
* por cent wortslity resulted over this period. 


Tests with ‘recently laid éees of the wastern pine beetle inouee 


‘thet tenperatures necessary for incubation, hatening and early larval de- 


Ds oot eorrespontel very closely to those necessary for development 
of other stages. Two hundred fifty eges were isolated on moist blotting 
er in govered petri dirhes {80 por dish) ant aiwtrivuted st constant 

Toners of 36, 40, $2, BS, and 65 degrees respectively in order to’ 
determine the Lowest temperature at whieh they would hatch, Within « 
ied of 16 days 20 young larvae occurred at 60 degrees, 14 at 56 and 

7 at 52 (fie. §). Altho the remaining dishes at 40 and 36 were left for 

further study no eggs hatched within them during 2 period of three weeks. 

“Pals corresponds closely with records on og¢s within the infested blocks 


and aleo with development of other brood stages. 


“ayo hundred matare larvae wore divided into lote ee 60" ekéhi"and 
aren on dlotting pA rpesd in petri @iches to check the effect of humidity 
“on survival and development, Ory blotting paper was used in two dishes 
“and wet in the other two. © A wet por at Aion Aart capi te itor 
"temperature or 96 degrees and « siniler ® & 
100 degrees. Tt was thought that the moisture aight prolong the — 


_of the insects in ‘the wetter ¢ dishon. These two series were examined 
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daily for five days, but no difference in mortality could be noted. 
,A® the end of this period mortality was almost complete im #11 dishes. 
Mold in the dishes with wet blotting paper developed extensively on 
the larvae while these under drier conditions eppeared te have suffered 
wortelity through heat and desgteation. ‘The wet larvee turned very 
pope and owelled. the dry larves shriveled and turned to a yellowish 


oy ., , Bither with young brood fn infested blocks or more advanced 
brood from infested bark, it is apparent that temperature plays a very 
_ Amportent part in determining the rate of brool development. With beth — 
Sets there wag no apparent brood development at temperatures below 50 
. degrees. Above 59 degrees the rate of brood development increased with 
the teaperstures until the point was reached where lethal teuperatures 
_ Qegeed decth. The most rapid brood development oceurret just before 
lethal tenperatures Were reached. | 
...- Weieture was practionlly constant in the test blocks and was 
always high, averaging froa 290 to 300 per cent. Similar conditions 
ete found in slash tn the field end apparently is not conducive to good 


_ breed development. 


The mortality which occurred in the laboratory teste cannot be 
~offally explained. With mature larvae in dry powdered bark 4 per cent 

oF more mortality occurred. This might heave been due to handling, te 
Ghenge in environmental conditions or to desdication. Since most mor- 
tality occurred during stages of transformation from larvae to pupae and 
pupae to adults it is belioved that deesdeation prevented these delicate 
_ ghanges. Larvae with split head capsules end skine which failed to slough 

off were common. Also pupae whose wings appeared to stick fast in place, 
- thus preventing complete transformation to adults, were common. Mortality 
{in edvanced broods under favorable temperatures except at these eritical 
“points was seldom found. Yor temperatures of 95 degrees or over complete 
“portality was evidently due to lethal temperatures. This ides wae further 
“wapported when similar rateo of mortality occurred at these temperatures 
th groups of sature larvae kept under either wet or dry conditions. 


With the immature larvae in the logs the higher mortality must 
be due to either one or all of the following causes: 


 “Beedenive phides mofsturé of 200 to 500 per cant which invariably 
~ ebtains in logs and slawh kept within the tenperature Limits for brood 
development may be responsible either directly or indirectly for « large 
“"gharve of the brood mortality. Ye know that in stanfing trees where brood 
* development of the western pine beetle proceeds normally theré is rapid 
"Joss. of moiabure which accompanies goof brood development. On the other 
‘pend “Loge end slash where broods of this insect fail to develop properly 
there is on inerease in phleem moisture. Similarly brood in infested 
 Pheeks was subjected to the higher uoisture conditions, while Shas Jp, 
the jars wher® more suecessful development oceurred were exposed only 
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te the dry media of pulverized outer awe: Whether the effect of ex- 
Sessive moisture or indirect is usknowm, however, phloem moisture 
content end brood failures eppear tebe se eenly related ‘thet one may de 

s an indicater wn heave ethane . 


The theory Anat. mate matekbbeat caves say —_ 1aeeiny Te Wikiasyue 
for breed failure of this ineeot is rapidly winning support. Preli 
experiments by Jeffrey* working on felled logs both im the fiel@ an¢ under 
laboratory conditions indieste thet very important food changes eeour in 
the inner bark soon after eutting. He finds that certain sugars eppear 
to increase slightly at first end then to decrease within a fow days to - 
practically nothing. Im the experiaents on breed development there ig 
much evidence supporting the theory of the importanee of salmutrition in 
brood failures. Comparing the two sets of experiments previously dlscusesd 
the larvee in the legs were in the active feeding stage and were dependent 
on the inner bark for their nourishment. ‘The mature lervae in jars had 
sompleted their foeding in standing trees ané were no longer dependent 
upon food for their exietense or further development. Changes in neutri- 
tional value of the food would therefore be reflected in the suecess or 
failare of brood in the blocks but not in that of the advenced lervae.. 

‘The half~sterved, under-nourished, yat~teiled appearence of the larvae 
in blocks; the fact that-they make almormlly long winding lerval galler- 
des, ag if in search for food; the unusually long period spent in the 
inner berk, and the slow death of wany of them ant” “wuppert the “theory of 
insufficient mages eevee et 





western ‘wollen ‘pine. as vealalae” yh nel pine ‘peethe attraction. sta. Rep. 
Le lage, ae es ee ee 
| ‘The soukviar of roa aueneiatel. with hon dena broods nina 
eommeanded ettention. A green fungus identified by Wagener*. av a Peniciliiwa 
wae particularly abundant in the lerval galleries where the brood had failed. 
Whether this furigue plays a part in the desth of the larvae or whether it 
merely finds good growing conditions on the bodies of dead larvae is not 
known. However, because of the senerally eaprophitic nature of this croup 
of fungi itie believed to be of Little importante tr the —_ of the 
insects. ’ 





‘ o.o, & second phase of brood development studies using brood in -the- 
more advanced stages was condueted, using sone three thousand mature larves. 
These experiments were designed to determine the mamber of daily effective 
houre necessary for beginning of development of hibernating broode. Other 
pointe to be determined were rate of development es influenced by cumu- 
lative temperatures and eer teh or not ‘alternating Bae: aa IL ables, 


ere gern ag uy ae 
*Waganer, We ¥., Office of Bureau of Plant Industry, fan Franeieco, Calif. 
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Hibernating larvae from infested bark were obtained and sorted 
ae previously described and placed in numbered containers (fig. 4) which 
were altered from constant temperature 40 to 75 degrees for a given nuaber 
of hours daily. Sinee $6 had been found te be below the threshold of de 
velopment, & compartment at this temperature was used in which to keep all 
broods when not at 75 degrees, which was the temperature seleéted for 
good development. Brood development was assumed to have cecurred only 
during the hours spent eat the higher temperature. fhe tests were run. 
three times, using on each secteion eleven jars containing 50 mature larvae. 
One test of eleven jars conteining half grown larvae was tried, but because 
of excessive brood mortality wae discontinued. In this lot of larvae 9» 
feeding had apparently not been completed. A fourth series was rw using 
infested bark containing helf grown lervaec, many of which later emerged - 
as adults, The daily achedwle which was worked out for the trensfer of 
jars should help te explain how this meterial wae handled. | 





_ table Il. DAILY SCHEDULE FoR TRANSFER OF BROOD JARS, 
‘, CONTAINING BROOD OF THE WHETERN PINE BEETLE. — 








Time =: Li 23 32 44 Ot OF Fees Fs We Ws 
of) §12:18 : 144215 : 16 : 17 418529 + 204 Ms BA 
change + 2% : 26 1: 25: 26 : 27 : 28 5 29: W 1 Bl 1 B22 SS 
¢ 96 5 36 1 362 S75 386339 240: 44 2:42: 45: 44; 
245 : 46: 47 5 48: 49 : GO; SL i B22 6S: BA 85 


76: 76: 


9 ade 2 40: 40340140: 401405 75s 75: 75s 

1l aems: 75 3 $ $ 3 t i $ 3 : : &O 5 

1 Pettis 2 ¢ Je 8 : t t t i 3 + 40 3 $ 
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S Pole ¢ : : 76 + $ 3 i t : 40 + : t 


6B poems 1 t 3 : 76 : $ i 1 4: : : i 
ate AL TCA OANA A DA LINGALA AN ALLS ALAA ALA ALAA 


7 Poms ¢ $ ' 2 + 76 1 2 40 1 3 t t : 
cant NN AAA CLA ATA LA AL ALAA AALAND ANAL ALAA AAA 


9 Pom. ’ i $ : 176% : $ i t $ 
# At 9 a.m. all spectmend @re returned to original teupersturee 


rlanstion of chart: 
nd Jare 1, 12, 23, 34, and 45 are placed ot 40 degrees at 


9 aca, each morning and at 75 degrees at Ll ast. Likewise the other colwms 
of jar nusbers follow the changes indicated below them at the periods iIn- 


dicated. 


-13- 






i ee 


hm EM MS ha Oe 


¥ 








| 4 ai Gaus Wa Wahl! ied osbesd ‘xh hak dhe of wenn rorees 
were so transferred es to give a complete series of expewures of two 
hours variation froa two 44 twonty two hours daily at a high temperature 
favoruble for devels Likewlpe this series reversed remulted in 
exposures at low te below development of from two to twenty 
two hours daily. Many of these transfers to differant compartments 
continued over » period of fifty Gays. eer apparent breed development 
Wn TOR SaR REGENERATE? i | 


Th war recognized that aan: fjere of insects were transferred from 
a Adpedabeeg at 0°84 dah aria theese pa vibe versa there would be 
congiderable lapse of time before they reached the surrounding air tem- 
perature. In order te meneure this lag, thermometers were placed in 
four of the Jara and readings taken every fifteen minutes until adjustment 
of temperatures had oceurred. It was found thet changes in beth direetions 
required but one hour for completion and therefore lag @i¢ not affect the 
expefinents. Any loss in development duo to leg following a transfer 
pe arias ah yop roti cy 5 er he ds ab aad allanaalh as 


Shee | ‘ ‘qenpornirare of nvirexdantely 60 ¢egreen FT. was determined 
te be the point at which Sevelvpees of tne western pine beetle begen, 
 . it has been possible ta ¢ i a of effective temperatures. 
e Por example one degree of tenperature above the sero of development, 

Ae ¢ ei ae for » ‘veriet: aft om hour, constitutes an hour~degree. 


Results ot ‘three per of alternating Lenparature experinents 
using 1650 mature laryae ure tabulated and presented im teble ITI. Also 











4 . the rate of breed development of this invest is compared with the hour- 
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larvae transformed to pupae averaged from about 6 to 22 days according 
to hours exvosure per dey, but when effective hour-~degrees are suamated 
they are strikingly close together (about 3290). 


ceintdc ee Pupae tO Average adult, the tine elapsing between trans- 
formation of largest number of larvae to yupae and traneformation of 
largest mumber of pupae to sdults also varies in days from 7 to 29 but 
as shown from computed ‘aie te es agg depends whifornly 
4099 he « The 


stage. Because of the normal leg found in growth of sone individuals 
final summations are often inclined to be somewhat out of line, bat the 
average should present & more agcurate pi¢ture of conditions. . 


 & Saemation of the hour-lagrees of effective tenverature necessary 
for development from mature larvae to final sdults at different constant 
temperatures ag determined with 1125 specimens proved te be about 10,000 
in all cases whieh had the time for completion. This agrees closely with 
similar summations obtained at olternsting temperatures. Table Iti ie the 
summation of alternuting teuperatures and table IV the summtion of differ~ 
ent conetent temperatures. The hour-degrees obtained in both experiments 
for developuent of mature laryac to final adults ig about 10,000. - 


_ -*Efteet of different constent temperatures on brood development 
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Intensive FE Ss an RN 
brecd development of the western pine beetle have given us some pretty 
definite information upon this point. We have determined the point at 
which development begins as the temperature riser and at whieh it ceases 
as the temperature falie. We kaow that the rate of broad development 
depends directly upon the hour-degrees of effective temperature. We 
were aiso able to determine thet alternating high and low temperatures 
do not tend to aceelerate brood development. Furthermore, the range of 
optinua development ac determined by the moet insects produced has been 
pretty well established. Pinally, the high lethal cagemenan pasgunting 
developaent of thie insect has been determined. 


Sintler intensive etudies on temperature and ite effect upon sone 
ef our other more important forest insects would add much to car knowledge 
of their activities. 


It is felt that the value of some of the findings on effect of 
temperature on brood development say have been minimised by the unsatis~ 
fectory phloe: moisture ¢onditiona prevailing In the infested legs ond 
blocks used. Successful control of phicen melesture in infested blocks 
wider laboratory conditions would greatly 244 te the vaive ef the work 
elreedy done on brood development. Some satisfactory sethod of increasing 
evaporation from the blocks thru thorough ventilation could probebly de 
evolved from a few empirical tests. More positive experiments on the 
effect of controlled phloem moisture and atmospheric humidity, especially 
the former, should precede or at least accompany nutritional stwlies on 
this insect. The two phases are apparently closely inter-related and 
might well be invertigated together. 


Conclusions 


Prom the foregoing brood study on development of the western 
pine beetle a few tentative conclusions may be 


Broed development of this insect begins at about fifty decrees 


Panrenhel t 
the vate of brood development increases directly with the ten 
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tay Gahan’ temperatures of ninety five and above, if sufficiently 
maintained, axe fetel to all stages. 

Most rapid development occurs at about eighty five degrees, wat 
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inseete produced is in the vicinity of seventy te seventy five degrees. 
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probably two very 4 at factors. 

‘alty hemane te mperete ® appins to hore no stimating 
sttect on the rate of brood naval ovuent. 

A definite munber of hour-degrees of ‘effertive semperaturee ere 
necessary for the | Me of a spesifie broot stage of the western 
pine bectle. 

A thermograyh record of early spring and summer towperstures 
would probebly be very useful in determining the time of energence of 
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Fig. (1) Pine bleeks used in brood study of western pine beetle. 


Fig. (2) Pine blocks and infested bark in cage used for obtaining 
attack, 








Fig. (3)-Infested bark, jare end petri dishes containing insects used 
in brood development study. 


Pig. (4)-Inner bark from infested blotk showing tiny larvee seven 
weeks old (Note. most brood here dead), 
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+ (5) Dob. eggs and newly hatched larvae much enlarged on big 

peper in controlled temersture chamber. 

Pig. (6) Deb. tiny larvae, x2 dead larvae end abnormally long larval 
@lleries of infested block at 95° PF. 
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